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WELDING OF SHEET STEEL 
Teoman Pekoz and William McGuire 
INTRODUCTION 
Light, cold formed steel sections have been arc welded 
without the benefit of a general guiding specification for many 
years. By the late nineteen sixties the structural use of this 
fastening method was sufficient to create a demand for a more 
systematic approach. Rational use of light steel panels as 
horizontal diaphragms and vertical shear walls, as well as 
other applications of light steel framing, panels, and decks, 
requires one. Accordingly, the American Iron and Steel Insti-
tute initiated a project to develop welding procedures and to 
verify them through tests of welded connections. In a series 
of such tests at Cornell University, the behavior of the most 
common types of arc welds in sheet steel has been studied. This 
report is a summary of the Cornell tests and an interpretation 
of the results. 
The Cornell research has provided the experimental basis 
for a forthcoming revision of the welding provisions in the 
AISI Specification for the Design of Cold-Formed Steel Struc-
tural Members (Reference 1) and for a new specification, Welding 
Sheet Steel in Structures, AWS Dl.3-78 (Reference 2). 
2 
Sufficient data are available to support the ultimate load 
prediction equations proposed in this report and the design 
equations contained in the specifications referred to above. 
Since they represent the first attempt to codify this type of 
structural fastening process, it is anticipated that desirable 
modifications will become apparent as research and practice 
advance. 
Sheet steel may be as thick as 0.230 inches. The thick-
nesses commonly used in cold-formed steel in building construc-
tion are generally not as large as this, however. The largest 
total sheet thickness used in the Cornell tests was approxi-
mately 0.150 inches. 
Although sheet steel welds may be made with conventional 
equipment and electrodes, the fact that they are made on thin 
steel results in a special situation. Stress resisting areas 
are not as regular or as easy to define as they are in the 
welding of structural steel and plate. Some welds, such as arc 
spot and arc seam welds (Reference 3), are made through the 
welded sheet without any advance preparation. Galvanizing and 
paint are normally not removed prior to welding. Failure modes 
are complex and difficult to categorize. A relatively large 
amount of scatter in test results can be expected. Qualifica-
tion of welders and welding procedures, and the inspection of 
work, are of particular importance. The fact that a welder may 
have satisfactorily passed a test for structural steel welding 
does not necessarily mean that he can produce sound welds on 
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sheet steel. Welders may require considerable instruction and 
practice before mastering the technique. 
Weld Types. The types of arc welds used to connect a 
light steel sheet to another plate, either light or heavy are 
shown in Figure 1. Most of the terms used follow standard 
nomenclature. Arc spot welds (commonly called puddle welds) 
are welds in which coalescence proceeds from the surface of one 
member into the other. As mentioned above, the weld is made 
without preparing a hole in either member. Arc seam welds 
(oblong puddle welds) are the same in that neither member is 
slotted. Arc spot and seam welds are commonly used to attach 
cold formed steel decks and panels to their supporting frames. 
Arc seam welds find particular application in the narrow troughs 
of such elements. Flare bevel and flare vee welds are used on 
the outside of the curved edges that are typical of cold formed 
members. Square groove welds are rarely used in thin steel. 
As in conventional structural welding, it is general prac-
tice to require that the deposited filler metal have a tensile 
strength at least equal to that of the members being joined. 
For members of unequal strength, the weld materials should be 
matched at least to the strength level of the weaker member. 
Failure Modes. Failures in welded sheet steel connections 
are generally quite complicated. They often occur as a com-
bination of basic modes, accompanied by a large amount of 
out-of-plane inelastic deformation. The primary features of 
the basic modes encountered in the Cornell tests are illustrated 
Square Groove Weld 
Arc Seam Weld (oblong puddle weld) 
Flare Bevel Welds 
4 
Arc Spot Weld {round puddle weld) 
Fillet Welds 
Flare Vee Welds 
Fig. 1 Sheet Steel Weld Types 
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in Figure 2. While these are simplified pictures of true fail-
ures, they have been found, nevertheless, to provide reasonable 
categories for the assessment of strength and the development 
of design formulas. For simplicity, groove weld failures are 
not shown. Properly matched groove welds can be expected to 
develop the full strength of the sheet. 
For fillet welds on the sheet sizes tested, the dimension 
of the leg on the sheet edge is generally equal to the sheet 
thickness and the other leg is often two or three times longer. 
The throat is commonly larger than the throat of a conventional 
fillet weld of the same size (see Section A-A, Figure 2a) . 
Ultimate failure of fillet welded joints is usually found to 
occur by tearing of the plate adjacent to the weld. Tearing is 
the result of applied shearing or tensile forces, depending 
upon whether the weld is longitudinal or transverse. These 
conditions are illustrated in Figure 2a and 2b. Also, in a 
number of the longitudinally welded specimens tested at Cornell, 
the welds were long enough to result in tensile failure of the 
narrow connected sheets. Some conventional weld shear was also 
observed in a few of the longitudinally welded specimens. These 
and other failure conditions will be described in detail in 
later sections of this report. 
The chief mode of failure in cold-formed channels welded 
by flare bevel welds, and loaded transversely, was also sheet 
tearing along the contour of the weld. Figure 2c shows these 
conditions. 
(a} Sheet Tear 
Transverse Fillet 
Transverse Sheet Tear 
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(b) Sh0et Tear 
Longitudinal Fillet 
Longitudinal. Sheet Tear 
(c) Flare Bevel Weld 
Weld Shear Sheet Tear Sheet Tear and Buckling 
(d) Round Puddle Welds 
Fig. 2 Typical Failure Modes 
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Only in a few cases was weld shear a primary factor in the 
failure of either fillet or flare bevel welds. Most failures 
were accompanied by inelastic out-of-plane deformation of the 
connected plates. 
Three modes of ultimate failure of arc spot welds were 
observed in the Cornell tests (see Figure 2d). The first is 
simple shear failure of the weld metal in the plane of the 
faying surface. The second is plate tearing on the loaded side 
of the sheet. Failure of this sort starts by tearing along the 
contour of the weld; it then progresses across the sheet. In 
the third mode, tearing along the contour of the weld on the 
tension side is followed by plowing of the weld into the end 
material as that material buckles and shears, as shown in the 
third sketch of Figure 2d. This type of failure may occur when 
the end distance is small. Many failures, particularly those 
of the plate tearing type, may be preceded or accompanied by 
considerable inelastic out-of-plane deformation of the type 
indicated in Figure 3. This is a form of instability similar 
to that observed in wide, pin-connected plates. 
The general behavior of arc seam welds is similar to that 
of arc spot welds. No simple shear failures of arc seam welds 
were observed in the Cornell tests however. 
In most cases the onset of yielding was either poorly 
defined or followed closely by ultimate failure. As in most 
connections, rupture rather than yielding is a more reliable 
criterion of failure. 
8 
Fig. J Out of Plane Distortion 
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THE TESTING PROGRAM 
Tests were conducted at Cornell for the American Iron and 
Steel Institute on 342 symmetric fillet, flare bevel, arc spot 
and arc seam welded connections subjected to monotonically 
increasing static loading. A breakdown of the program is as 
follows: 
Type 
Transverse fillet welds 
Longitudinal fillet welds 
Transverse flare bevel welds 
Longitudinal flare bevel welds 
Arc spot welds 
Arc seam welds 
Total 








130 connections were made in steel fabricating shops, 122 
were made under field conditions, and 90 were fabricated in the 
Cornell laboratory under simulated field conditions. 
The specimen configuration is shown in Figure 4. All 
specimens had this same basic configuration with the connected 
plates butted together and having one, or in the case of double 
sheet arc spot and arc seam welds, two cover plate sheets welded 
to each side. All specimens were welded with E6010 electrodes. 
In most cases the connected plates were 7/16 inch thick hot 
rolled A36 steel plates. In some cases the connected plates 
were sheets having a thickness equal to or greater than the 










Sheet steel cover plate 
All welds symmetrical 
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investigated: 10 ga (0.138 in.), 12 ga (0.108 in.), 14 ga 
(0.079 in.), 18 ga (0.052 in.), 22 ga (0.034 in.), 24 ga (0.028 
in.), 28 ga (0.019 in.). All of the 10, 12 and 22 gage steel, 
most of the 18 gage material, and some of the 14 gage cover 
plate sheets, were made from A446, Grade A steel (minimum a y 
33 ksi and a = 45 ksi). The remainder of the cover plate 
u 
sheets were A446, Grade E steel (minimum cr = 80 ksi and o y u 
82 ksi). Tension coupon tests were made of all cover plate 
steel used. The measured ultimate strengths are used in the 
strength prediction formulas cited below. 
Arc spot and arc seam welded specimens with single and 
double sheet cover plate were tested. The double sheet condi-
tion is encountered in practice when overlapping sheets are 
fastened to the supporting frame by welds that penetrate both 
plies of material. 
Complete details of the test program and the results are 
contained in References 4 through 8. All of the specimen and 
test data needed to interpret the results are included in 
sections to follow. 
TEST RESULTS AND STRENGTH PREDICTIONS 
In the following sections, the performance of each of the 
types of weld investigated is summarized and analyzed. Formu-
las for predicting the ultimate resistance of each type of 
connection are presented and compared with the test results. 
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Transverse Fillet Welds. The dimensions and terms used in 
the transverse fillet weld tests are shown in Figure 5. In-
cluded in the Figure are schematic descriptions of two of the 
characteristic failure modes encountered in the tests. One 
type, designated PC, is plate tearing along the contour of the 
weld toe, that is, near the fusion line. The other, PT, is 
plate tearing across a section removed from the weld. A third 
type, conventional weld shear (WS) is not shown. Figure 6 
shows three of the tested specimens. The failures illustrated 
in that Figure were identified as type PC. 
The basic data and most significant results of the 55 
transverse fillet weld tests are summarized in Table 1. Com-
plete details are contained in References 4 and 5. In all but 
eight of the tests, primary failure was by tearing of the 
connected sheets along, or close to, the contour of two of the 
welds. In the remainder, there was secondary weld shear. In 
seven of the tests, ultimate failure was preceded by substan-
tial out-of-plane plastic deformation, a circumstance that is 
designated by the letters PL in the Failure Mode column of the 
Table. 
The Table also contains a comparison of the experimental 
results with failure loads predicted from the formula 
p 
u = 2t L a av wav u (1) 
where tav is the average cover plate thickness , L 
wav is the 
average length of the welds of the specimen, and a is the 
u 
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measured ultimate strength of the cover plate material. The 
ultimate load per weld is one-half of P . For the twenty-four 
u 
shop welded connections the average ratio of observeJ to pre-
dicteJ ultimate strength is 1.04, with a standard deviation of 
0.09. For the thirty-one field welded specimens the average 
and standard deviation are 0~97 and 0.11 respectively and, for 
all specimens, these values are 1.00 and 0.11. It is believed 
that Equation 1 is an excellent predictor of the failure 
strength of transverse fillet welds. 
The basic reason for the ability of transverse fillet welds 
to develop the tensile strength of the adjacent sheet appears 
to be the one referred to earlier in the discussion of Figure 2a. 
For welds on thin sheets, the dimension of the weld leg on the 
sheet edge is generally equal to the sheet thickness and the 
weld throat is commonly larger than the throat of a conventional 
fillet weld of the same size. Under these circumstances, if 
the deposited filler metal has a tensile strength greater than 
that of the sheets being joined, as should be the case with 
conventionally matched materials and properly made welds, it 
can be expected that the sheet is the critical element. 
Figure 7 is a further, graphical comparison of the actual 







failure mode PT 
T 
4" 
L_ ______ T_L~~:--~~T ______ ~_l_ 
~f f-l 
10" 10 II 
Single A36 connected Plate* 
t 
Double Cold-Rolled Steel Plate* 
cover plate 
t LONGITUDINAL SECTION 
cover plate 
Fig. 5 Transverse Fillet Weld Connections 
*Connected plate size indicated by last number in specimen designation, e.g. 






Table 1. Transverse Fillet Welds: Summary of Results 
1 2 3 4 5 6 7 8 9 10 11 12 
' 
i Measured and Computed Properties 
I Test Results Predicted Results i p 
! i I uo Specimen i Cover Plate Weld , Critical I 
! p 
Failure p Designation I Failure I up Area ' p 
' 
I Eqn. 1 
up i 
s L L 2x ( 5) x (6) : uo : Mode Mode a I t u av 
I 
pav av wav I ksi in in in ; in in2 I kips kips ! 
Shop Welded Specimens (Reference 4) 
H A/B 18/7 Cl I 67.0 4.00 2.99 0.049 0.89 0.087 I 7.12 PC I 5.83 PC 1.22 I H A/B 18/7 C2 i 67.0 3.98 3.00 0.048 0.94 0.090 ! 7.18 PC 6.03 PC 1.19 H A/B 18/7 C3 67.0 3.98 3.00 0.049 0.87 0.085 6.34 PC I 5.70 PC 1.11 
H A/B 18/7 F1 67.0 4.00 2.98 0.048 1.51 0.145 10.74 PC 9. 72 PC 1.10 
H A/B 18/7 F2 I 67 0 3.98 3.00 0.049 1.45 0.142 10.28 PC 9.51 PC 1. 08 
H A/B 18/7 F3 
I • 0.99 1-' ! 67.0 3.99 3.00 0.049 1.57 0.154 10.10 PC 10.32 PC ()\ 
' I 
H A/B 18/7 Ll j 67.0 3.98 3.00 0.049 2.99 0.293 i 19.50 PC 19.63 PC 0.99 
H A/B 18/7 L2 1 67,0 3.98 3.00 0.049 3.04 0.298 1 19.6o PC 19.97 PC 0.96 
H A/B 18/7 L3 i 67.0 3.98 3.00 0.049 3.00 0.294 I 18.10 PC 19.70 PC 0. 92 
H A/B 18/7 P1 i 67.0 3.98 2.85 0.048 3.98 0.382 23.00 PC 25.59 PC 0.90 
H A/B 18/7 P2 i 67 0 4.00 2.80 0.049 4.00 0.392 1 2s.6o PC 26.26 PC 0.97 
H A/B 18/7 P3 I . 4.00 2.80 0.049 4.00 0.392 PC+PT 26.26 PC 1. 00 I 67.0 26.30 
! i 
H A/B 12/7 C1 I 51.4 3.98 3.00 0.106 0.99 0.210 12.60 PC i 10.79 PC 1.16 
H A/B 12/7 C2 51.4 3.99 3.00 0.107 0. 96 0.205 10.92 PC 110.54 PC 1. 04 
H A/B 12/7 C3 I sl.4 4.00 3.00 0.106 0.96 0.204 I 11.94 PC I 10.49 PC 1.14 
I 51.4 ! j 1. 09 H A/B 12/7 Fl 3.98 3.00 0.107 1.57 0.336 1 18.80 PC ! 17 .27 PC I 
H A/B 12/7 F2 1 51.4 3.99 3.00 0.106 1.54 0.326 18.80 PC j 16.76 PC I 1.12 I 
H A/B 12/7 F3 1 51.4 3.98 3.00 0.106 1.60 0.339 i 18.00 PC i 17.42 PC I 1.03 I 
Table l. Transverse Fillet Welds (cont.) 
1 2 3 4 5 6 7 8 9 10 11 12 
H A/B 12/7 Ll 51.4 3.98 3.00 0.107 3.06 0.655 31.30 PC 33.67 PC 0.92 
H A/B 12/7 L2 51.4 3.98 3.00 0.107 3.11 0.666 32.10 PC 34.23 PC 0.93 
H A/B 12/7 L3 51.4 3.98 3.00 0.107 3.13 0.670 32.30 PC 34.44 PC 0.93 
H A/B 12/7 Pl 51.4 3.98 2.88 0.107 3.97 0.850 44.70 PC 43.69 PC 1. 02 
H A/B 12/7 P2 51.4 3.99 2.80 0.107 3.99 0.854 44.00 PC 43.90 PC 1. 00 
H A/B 12/7 P3 51.4 3.98 2.80 0.106 3.97 0.842 45.20 PC 43.28 PC 1. 04 
Field Welded Specimens (Reference 5) 
H A/B 12/7 Pl 51.10 3.98 2.45 0.110 3.92 0.862 39.00 PC 44.05 PC 0.88 
H A/B 12/7 P2 51.10 3.96 2. 73 0.110 3.92 0.862 i 43.00 PC+PT 44.05 PC 0.98 
H A/B 12/7 P3 51.10 3.99 2.75 0.110 3.94 0.867 i 42.10 PC+PT 44.30 PC 0.95 H A/B 12/7 P4 51.10 3.99 2.75 0.110 3.90 0.858 i 42.30 PC 43.84 PC 0.96 
1 
~ 
H A/B 18/7 Cl 64.70 4.00 2.73 0.051 1.16 0.118 7.56 PC 7.63 PC 1. 00 -.....) 
H A/B 18/7 C2 64.70 4.00 2.73 0.051 1.12 0.114 8.17 PC 7. 34 PC 1.11 
H A/B 18/7 C3 64.70 4.00 2.74 0.051 1.19 0.121 8.45 PC 7.83 PC 1. 07 
H A/B 18/7 C4 I 64.70 4.01 2.76 0.051 1.16 0.118 8.67 PC 7.63 PC 1.14 
H A/B 18/7 Pl i 64.70 4.00 2.68 0.051 3.89 0.397 23.80 PC 25.69 PC 0.92 I 
I 0.96 H A/B 18/7 P2 I 64.70 4.01 2.70 0.051 3.92 0.400 ! 24.80 PC 25.88 PC 
H A/B 18/7 P3 ! 0.93 ; 64.70 4.00 2.73 0.051 3.94 0.402 24.20 PC 26.01 PC 
H A/B 18/7 P4 I 64.70 4.00 2.76 0.051 3.96 0.404 23.40 PC+PL+PT 26.14 PC 0.89 
H A/B 12/7 Cl ' 51.10 4.00 2.85 0.110 1.09 0.240 12.98 PC 12.26 PC 1. 06 
H A/B 12/7 C2 51.10 4.00 2.87 0.110 1.07 0.235 13.42 PC 12.01 PC 1.12 
H A/B 12/7 C3 51.10 3.99 2.87 0.110 1.13 0.249 14.20 PC 12.72 PC 1.11 
H A/A 18/18 Pl 64.70 4.00 2.81 0.051 3.90 0.398 20.80 PL+PC 25.75 PC 0.81 
H A/ A 18 I 18 p 2 I 64.70 3.99 2.83 0.051 3.88 0.396 20.20 PL+PC 25.62 PC 0.79 
H A/ A 18/18 P3 . 64.70 4.00 2.79 0.051 3.82 0.390 20.60 PL+PC 25.23 PC 0.82 




1 2 3 4 5 6 7 8 9 10 11 12 
H A/A 18/18 Cl 64.70 4.00 2.82 0.051 1.12 0.114 8.10 PC 7.38 PC 1.10 
H A/A 18/18 C2 64.70 3.99 2.87 0.051 1.08 0.110 8.22 PC 7.12 PC 1.15 
H A/A 18/18 C3 64.70 4.01 2.89 0.051 1.17 0.119 5.80 PC 7.70 PC 0.75 
H A/A 18/18 C4 64.70 3.99 2.88 0.051 1.12 0.114 6. 72 PC+WS 7.38 PC 0.91 
H A/A 18/18 C5 64.70 4.00 2.86 0.051 1.09 0.111 7.22 PC 7.18 PC l. 01 
H A/A 12/12 Pl 51.10 3.95 2.74 0.108 3.83 0.827 34.80 PC+WS+PL 42.26 PC 0.87 
H A/A 12/12 P2 51.10 3.97 2.76 0.108 3.88 0.838 36.80 PC+WS+PL 42.82 PC 0.86 
H A/A 12/12 P3 51.10 3.97 2.75 0.108 3.93 0.849 36.40 PC+WS+PL 43.38 PC 0.84 
H A/A 12/12 Cl 51.10 3.98 2.79 0.108 1.26 0.272 14.74 PC+WS 13.90 PC l. 06 
H A/ A 12/12 C2 51.10 4.00 2.80 0.108 1.14 0.246 12.86 PC+WS 12.57 PC l. 02 
H A/A 12/12 C3 51.10 3.99 2.81 0.108 1.21 0.261 13.72 PC+WS 13.34 PC l. 03 







p ( k) 
up 
J<ig. 7 TransversP Fi llC't \..'t>lds 
P is according to Equation 1 
up 
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Longitudinal Fillet Welds. The dimensions and terms used 
in the longitudinal fillet weld tests are shown in Figure 8. 
Also shown are schematic descriptions of two failure modes, PC 
and PT. As in the case of transversely welded connections, 
these designations indicate plate tearing along the contour of 
the weld and tensile tearing across the plate, respectively. 
As described below, the following forms of behavior were also 
encountered: out-of-plane distortion (PL), conventional weld 
shear (WS), weld failure resulting from a peeling action due to 
bending of the cover plates (W), and some plate tearing around, 
but removed from, the weld (PC). 
Figure 9 shows three tested specimens that experienced a 
large amount of out-of-plane deformation. The failures illus-
trated in that Figure were identified as WS +PL. 
In Figure 10, two tested specimens that failed in mode PT 
are pictured. The specimens in Figure 11 failed in the com-
bined mode PC + PL + WS. 
The basic data and most significant results of the 64 
longitudinal fillet weld tests are summarized in Table 2. 
Complete details are contained in References 4 and 5. In 33 of 
the tests, tensile tearing across the connected sheets was 
either the sole cause of failure or a major contributing factor. 
In the remainder of the tests, failure was the result of weld 
shear, weld peeling, tearing of the sheet along, or roughly 
parallel to, the contour of the weld, or a combination of these 
effects. In many of the longitudinally welded specimens there 
was also a substantial amount of out-of-plane deformation. 
21 
Table 2 also contains a comparison of the experimental 
results with failure loads predicted from the formulas, 
p 
u 
1.6t s 0 
av av u 
(2) 




1° p = 4t L 0.011 wav -u av . wav tav ) u (3a) 
p = 3t L 0 u av wav u (3b) 
Equation (2) is intended to predict failure by tensile 
tearing across the plate (PT). Equations (3a) and (3b) are 
intended to predict tearing along the weld contour (PC), weld 
shear (WS), and combinations of these, including modes PL, PC, 
and W. In each case the ultimate load per weld is one-fourth 
of P . 
U. 
In the 33 tests in which tensile tearing across the sheet 
was a primary factor, it was observed that it occurred at an 
average stress on the cross section of the connected plates 
equal to about 80% of the ultimate strength of the sheet mate-
rial. That is the reason for Equation (2). 
It was also observed that, for all other failures there 
appeared to be some correlation between the ultimate resistance 
of the connection and the length of the welds. Indeed, for 
very short welds, average stresses obtained by dividing the 
actual ultimate load by the product of the sheet thickness and 
total weld length were close to the ultimate strength of the 
22 
sheet material. Equation 3a was developed through a linear 
regression analysis of the results of the 31 tests not influ-
enced by transverse plate tearing (PT). It is believed that, for 
long L /t ratios Equation 3a would become overly conserva-
wav ' 
tive and that the limiting resistance for such specimens would 
become the ultimate shearing resistance of the sheet material. 
Assuming this to be 75% of the ultimate tensile strength (a 
value for shear strength which has reasonable empirical support 
in similar applications) Equation 3b results. By equating the 
right hand sides of Equations 3a and 3b, it is readily seen 
that Equation 3b controls for welds having an L /t ratio 
wav 
greater than 22.7. 
Applying Equations 2 and 3 to the test specimens it is 
found that Equation 2 controls in 38 cases, Equation 3a in 18 
cases, and Equation 3b in 8 cases. The average ratio of ob-
served to predicted ultimate strength and the corresponding 
standard deviation are, for each equation in the regime in which 
it controls: Equation 2, 1.00 and 0.10; Equation 3a, 1.05 and 
0.08; Equation 3b, 0.8~ and 0.09. 
The basic reasons why failures tended to initiate in the 
sheet rather than in the welds are believed to be the same as 
those cited for transverse welds; mainly the relative strengths 
of the weld and sheet materials, and the relatively large weld 
cross section dimension. 
Figure 12 is a further, graphical comparison of the actual 
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cover plate 
cover plate 
Fig. 8 Longitudinal Fillet Weld Connection 
*Connected plate size indicated by last number in specimen designation, e.g. 








Table 2. Longitudinal Fillet Welds: Summary of Results 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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Shop Welded Specimens (Reference 4) 
C A/B 18/7 Cl 
C A/B 18/7 C2 
C A/B 18/7 C3 
C A/B 18/7 C4 
C A/B 18/7 Fl 
C A/B 18/7 F2 
C A/B 18/7 F3 
C A/B 18/7 F4 
C A/A 18/18 Fl 
C A/A 18/18 F2 
C A/A 18/18 F3· 













C A/B 18/7 Jl 67.0 
C A/B 18/7 J2 67.0 
C A/A 18/18 Jl 
C A/A 18/18 J2 
C A/A 18/18 J3 
C A/A 18/18 J4 
C A/B 12/7 Cl 
C A/B 12/7 C2 
C A/B 12/7 C3 



















































































2.99 9.00 0.049 2.46 17.10 PT 













































































































































Table 2. Longitudinal Fillet Welds (cont.) 
1 
C A/B 12/7 Fl 
C A/B 12/7 F2 
C A/B 12/7 F3 






C A/A 12/12 Fl 51.4 
C A/A 12/12 F2 51.4 
C A/A 12/12 F3 51.4 
C A/A 12/12 F4 51.4 
C A/A 12/12 FS 51.4 
3 4 5 6 7 
3.00 9.00 0.107 1.57 27.30 PC+PL 
3.00 9.00 0.107 1.65 28.40 PC+PL 
2.98 9.00 0.107 1.64 I 28.20 PC+PL 
2.98 9.00 0.107 1.62 28.30 PC+PL 
8 
2.98 9.00 0.107 1.44 24.50 WS+PL 
3.00 9.00 0.107 1.52 24.90 WS+PL 
3.98 9.00 0.107 1.56 26.00 WS+PC+PL 
2.98 9.00 0.107 1.52 25.90 WS+PC+PL 





















C A/B 12/7 J1 51.4 3.00 9.00 0.107 2.52, 31.10 PT 
C A/B 12/7 J2 51.4 2.98 9.00 0.107 2.56 30.40 PT 
26.40 23.6 
26.22 23.9 
Field Welded Specimens (Reference 5) 
C A/B 18/7 
C A/B 18/7 
C A/B 18/7 
C A/B 18/7 
C A/B 18/7 
Cl l64.~~0 3.00 3.29 0.052 1.09 jll.40 PL+PC+WS I 16.15 
C2 I 64.70 3.00 3.25 0.052 1.04 !10.66 PL+PC+PT ' 16.15 
C3 I 64.70 3.00 3.26 0.052 1.021! 10.16 PL+PC+PT ' 16.15 
C4 64.70 3.00 3.28 0.052 1.10 11.18 PL+PC+WS l 16.15 
C4 64.70 3.00 3.18 0.052 1.17 
1 
12.30 PL+PC ! 16.15 
C A/B 12/7 C1 
C A/B 12/7 C2 
C A/B 12/7 C3 
C A/B 12/7 C4 
C A/B 12/7 C5 
C A/B 18/7 Jl 
C A/B 18/7 J2 
C A/B 18/7 J3 
C A/B 18/7 J4 
C A/B 18/7 J5 
151.10 2.99 3.24 0.108 1.26122.80 PL+PC+WS i 26.40 
1
51.10 2.99 3.14 0.108 1.31 
1
25.10 PL+PC+WS ' 26.40 
I 51.10 3.00 3.23 0.108 1.24 23.00 PL+PC+WS 26.49 
/51.10 2.99 3.35 0.108 1.17123.60 PL+PC+PT+WS 26.40 






















2.80 15.40 PT 
2.91 16.24 PT 
2.91 16.30 PT 
2. 77 16. 60 PT 






































































PC+WS 1. 01 
PC+WS 0.98 
PC+WS 0.94 



















Table 2. Longitudinal Fillet Welds (cont.) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I 
C A/B 12/7 Pl 51.10 3.00 0.91 0.108 3.64 \ 31.10 PT 26.49 33.7 - 60.27 PT 1.18 
C A/B 12/7 P2 51.10 2.99 0.84 0.108 3.73 l 31.50 PT 26.40 34.5 - 61.76 PT 1.19 
C A/B 12/7 P3 51.10 3.00 0.84 0.108 I 26.49 33.4 59.77 PT 1. 20 3.61 l 32.00 PT -
I 
I 
C A/A 18/18 Fl 64.70 3.00 2.75 0.050 1.80112.76 PL+PT+PC+W 15.53 36.0 - 17.47 PI 0.82 
C A/A 18/18 F2 64.70 3.00 2. 76 0.050 1.82 1 13,35 PL+PT+PC+W+PP 15.53 36.4 - 17.66 PT 0.86 
c A/ A 18 I 18 F3 64.70 3.00 2. 71 0.050 I 15.53 36.6 17.76 PI 0.87 1.83! 13.56 PL+PT+PC+W -
C A/A 18/18 F4 64.70 3.00 2.47 0.050 I PL+PT+PC+W 15.53 40.0 19.41 PT 0.90 2. 00 113 0 96 -
C A/A 12/12 F1 51.10 3.00 2.92 0.110 PL+PT+W+WS 26.98 14.9 30.83 PI 0.90 1. 64 i 24. 20 -
c A/ A 12 I 12 F 2 ; 51. 10 3.00 2.89 0.110 1. 60 l 24 0 30 PL+PT+WD+WS 26.98 14.5 30.22 - PT t 0.90 
C A/A 12/12 F3 51.10 3.00 2.90 0.110 1. 62123.80 PL+PT+W+WS 26.98 14.7 30.41 - PT 0.88 
C A/A 12/12 F4 i 51.10 3.00 2.83 0.110 1. 65 24.40 PL+PT+W+WS 26.98 15.0 30.98 - PT 0.90 
f 
C A/A 18/18 J1 ~ 64.70 3.00 l. 80 0.050 I PT+W+PL 15.53 50.4 24.46 PI 0.98 2.52 115.24 - N I C A/A 18/18 J2 i 64.70 3.00 l. 97 0.050 2.46 15.14 PL+PT+W+PP 15.53 49.2 - 23.87 PI 0.97 \0 
C A/A 18/18 J3 l 64.70 3.00 l. 96 0.050 2.46 15.70 PL+PT 15.53 49.2 - 23.87 PI 1. 01 
C A/A 18/18 J4 : 64.70 3.00 1.89 0.050 2.57 15.50 PL+PT 15.53 51.4 - 24.94 PI 1. 00 
C A/A 18/18 J5 I 64.70 3.00 1. 93 0.050 2.54 14.93 PL+PT 15.53 50.8 
-
24.65 p:- 0.96 





Fig. 12 Longitudinal Fillet Welds 
P is according to Equation 2, 3a and 3b 
up 
31 
Transverse Flare Bevel Welds. The dimensions and terms 
used in the transverse flare bevel weld tests are shown in 
Figure 13. Also shown is a schematic description of the pre-
dominant failure mode: tearing of the connected plate on a 
line parallel to the line of the weld (PC). As described below, 
out-of-plane deformation (PL) and some partial weld shear (W) 
were also encountered. 
Figure 14 shows three of the tested specimens. The 
failures in the figure were identified as PC + W. 
The basic data and most significant results of the 42 
transverse flare bevel weld tests are summarized in Table 3. 
Complete details are contained in References 4 and 5. By far 
the most common mode of failure was plate tearing (PC). In 
only five tests was weld shear a factor. Significant out-of-
plane distortion was experienced in twelve tests. 
Table 3 also contains a comparison of the experimental 
results with failure loads predicted from the formula 
p 
u 
1.6t L o 
av wav u 
where each quantity is as previously defined. The ultimate 
load per weld is one-half of P . 
u 
For the twenty-six shop 
(4) 
welded connections the average rate of observed to predicted 
ultimate strength is 0.97, with a standard deviation of 0.15. 
For the sixteen field welded specimens the average and standard 
deviation are 1.16 and 0.14 respectively and, for all specimens, 
these values are 1.04 and 0.17. 
32 
Again, the basic reasons why failures tended to originate 
in the connected sheet rather than the weld appear to be the 
relative strength of the two materials and the weld dimensions. 
As indicated in Figure 13, with one exception, the effective 
weld throat dimension was greater than the sheet thickness. It 
is believed that this will also be the case in practice for 
welds made according to Reference 7. 




Typical except for E A/B 12/7 F6 
E A/B 12/7 F6 
Fig. 13 Transverse Flare Bevel Weld 
34 
Table 3. Transverse Flare Bevel Welds: Summary of Results 
1 2 3 4 5 6 7 8 9 10 11 
Measured and Computed Properties , Test Results Predicted Results 
Specimen 
Designation 
i c 1 ! c . . 1 -~-----,.--------+-----,.-, --------, 
over P ate W ld r1t1ca F .1 ' F .1 e A p a1 ure P a1 ure 
· 1 rea d M d ! a S : 1 t 1 2x(5)x(6) uo Moe up o e 
1 u 1 av I pav av , wav 2 Eqn. 4 ksi 1 in J in , in i in 1 in kips kips 1 I l l L~--- . 
Shop Welded Specimens (Reference 4) 
E A/B 18/7 Fl 
E A/B 18/7 F2 
E A/B 18/7 F3 
E A/B 18/7 C1 
E A/B 18/7 C2 
E A/B 18/7 C3 








E A/B 18/7 11 67.0 
E A/B 18/7 12 67.0 
E A/B 18/7 13 67.0 
E A/B 18/7 Pl : 67.0 
E A/B 18/7 P2 :67.0 
E A/B 18/7 P3 ; 67.0 
E A/B 12/7 Cl ' 51.4 
E A/B 12/7 C2 ; 51. 4 
E A/B 12/7 C3 ' 51.4 
E A/B 12/7 Fl • 51.4 
E A/B 12/7 F2 51.4 
E A/B 12/7 F3 : 51. 4 
















































































































































































































Table 3. Transverse Flare Bevel Welds (cont.) 
1 2 3 4 5 6 7 8 9 10 11 12 
E A/B 12/7 11 51.4 4.01 o. 79 0.107 '3.01 0.644 27.50 PC I 26.49 PC 1. 04 
E A/B 12/7 12 51.4 3.98 0. 78 0.107 3.00 0.642 27.50 PC I 26.40 PC ' 1. 04 i 
E A/B 12/7 13 51.4 3.98 0.80 0.107 3.02 0.646 27.50 PC 26.58 PC ! 1. 03 
: 
E A/B 12/7 Pl 51.4 4.01 0.80 0.107 4.00 0.856 33.10 PC 35.20 PC 0.94 
E A/B 12/7 P2 51.4 3.99 0.80 0.107 3.99 0.854 32.90 PC 35.11 PC 0.93 
E A/B 12/7 P3 i 51.4 3.99 0.83 0.106 3.99 0.846 33.30 PC 34.78 PC 0.96 
Field Welded Specimens (Reference 5) 
E A/B 12/7 Pl 51.10 4.01 0.83 0.110 3.85 0.847 35.20 PC 34.63 PC 1. 02 
E A/B 12/7 P2 51.10 4.02 0.82 0.110 3.87 0.851 35.70 PC l 34.81 PC 1. 02 
E A/B 12/7 P3 51.10 4.01 0.81 0.110 3.88 0.854 35.80 PC I 34,90 PC 1. 03 
I 
: 
E A/B 12/7 Cl 51.10 4.00 0.83 0.110 1.08 0.238 13.96 P1+PC i 9. 71 PC 1. 42 VJ 
E A/B 12/7 C2 51.10 4.01 0.85 0.110 1.10 0.242 12.62 P1+PC i 9.89 PC 1. 28 0"1 
E A/B 12/7 C3 51.10 3.99 0.82 0.110 1.15 0.253 13.06 P1+PC 1 1o. 34 PC 1. 26 
E A/B 12/7 C4 51.10 4.02 0.82 0.110 1. 22 0.268 12.58 P1+PC \ 10.97 PC 1.15 
E A/B 12/7 C5 51.10 4.01 0.82 0.110 1. 21 0.266 I 12.62 P1+PC ' 10.88 PC 1.16 
l 
E A/B 18/7 Pl 64.70 3.99 0.81 0.050 3.84 0.384 ; 19.25 P1+PC 19.88 PC o. 97 
E A/B 18/7 P2 64.70 4.00 0.81 0.050 3. 91 0.391 i 20.00 PC ' 20.24 PC 0.99 
E A/B 18/7 P3 64.70 I 19.90 , 1. 00 3.99 0.82 0.050 3.86 0.386 P1+PC l 19.98 PC 
j I 
E A/B 18/7 Cl 64.70 4.00 0.82 0.050 1. 04 0.104 ! 6.84 P1+PC 5.38 PC 1. 26 
E A/B 18/7 C2 64.7 0 3.99 0.82 0.050 1. 06 0.106 6.82 P1+PC 5.49 PC 1. 25 
E A/B 18/7 C3 64.70 3.99 0.82 0.050 1. 09 0.109 6.40 P1+PC 5.64 PC 1.14 
E A/B 18/7 C4 64.70 4.00 0.82 0.050 1. 02 0.102 7.08 P1+PC 5.28 PC i 1. 33 





20 t, () 
p ( k) 
UP 
Fig. 15 Transverse Flare Bevel Welds 
P is according to Equation 4 
up 
Longitudinal Flare Bevel Welds. The dimensions and terms 
used in the longitudinal flare bevel weld tests are shown in 
Figure 16. The failure modes encountered were very similar to 
those found in the tests of longitudinal fillet welds on flat 
sheets and therefore require no additional description. 
Figure 17 shows three tested specimens in which the failure 
mode was identified as PC + PT + PL (plate tearing parallel to 
the weld contour, transverse plate tearing, and significant 
out-of-plane deformation). 
The basic data and most significant results of the 32 
longitudinal flare bevel weld tests are summarized in Table 4. 
Complete details are contained in References 4 and 5. In 22 of 
the tests, tensile tearing across the connected channel sections 
was either the sole cause of failure or a major contributing 
factor. In the remainder of the tests, failure was the result 
of weld shear or a combination of weld shear and plate tearing 
parallel to the weld contour, generally accompanied by out-of-
plane deformation. 
Table 4 also contains a comparison of the experimental 
results with failure predicted from the formula 
P = 1.6A a 
u cav u 




the average channel cover plate area. The result obtained from 
Equation 3b was multiplied by two in order to account for the 
fact that the shear force is resisted by the upstanding flange 
as well as the web of the channel. 
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Applying Equations 5 and 3b to the test specimens it 
is found that Equation 5 controls in 19 cases and Equation 
3b in 13 cases. The average ratio of observed to predicted 
ultimate strength and the corresponding standard deviation 
are, for each equation in the regime in which it controls: 
Equation S, 1.03 and 0.10; Equation 3b, 1.01 and 0.14. 
Figure 18 is a further, graphical comparison of the 
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D fi./B 12/7 F6 








D Rf5 18/7 F t 










Fig. 18 Longitudinal Flare Bevel Welds 
P is according to Equation ') or two times Equatjon Jh up 
Table 4. Longitudinal Flare Bevel Welds: Summary of Results 
1 2 3 4 5 6 7 8 9 10 11 12 13 





Cover Plate I Weld I p 
! I I 1 ' I uo 
0 is 'L It A ~L 
u 1 av I pav i av I cav ; wav 
p 
Failure up I Failure 





ksi I in i in in i in2 in I kips 
_l : I 
Shop Welded Specimens (Reference 4) 
D A/B 18/7 Cl ·67.0 
D A/B 18/7 C2 67.0 
D A/B 18/7 C3 67.0 
D A/B 18/7 Fl 67.0 
D A/B 18/7 F2 67.0 
D A/B 18/7 F3 67.0 
D A/B 18/7 Ll '67.0 
D A/B 18/7 L2 67.0 
D A/B 18/7 L3 67.0 
D A/B 12/7 Cl :51.4 
D A/B 12/7 C2 !51.4 
D A/B 12/7 C3 51.4 
D A/B 12/7 Fl 51.4 
D A/B 12/7 F2 51.4 
D A/B 12/7 F3 51.4 
D A/B 12/7 F6 51.4 
D A/B 12/7 Ll 51.4 
D A/B 12/7 L2 51.4 
D A/B 12/7 L3 ,51.4 
3.03 0.80 0.050 0.233 0.79 17.60 PC+WS+PL 
3.03 0.81 0.050 0.232 0.79 19.40 PC+WS+PL 
3.00 0.83 0.049 0.232 0.88 21.20 PC+WS+PL 
3.05 0.82 0.049 0.231 1.61 21.00 PC+PT+PS 
3.08 0.80 0.049 0.232 1.72 23.40 PC+PT+PL 
3.05 0.82 0.049 0.234 1.71 21.90 PC+PT+PL 
3.10 0.82 0.050 0.234 2.99 ;29.40 PT 
3.13 0.82 0.049 0.236 3.01 :27.40 PT 
3.10 0.81 0.049 0.235 2.99 ; 28.60 PT 
I 
3.12 0.81 0.107 0.492 0.91 ; 28.50 WS 
3.15 0.79 0.107 0.490 0.87 :25.20 ws 
3.15 0.80 0.107 0.493 0.89 ; 29.00 WS 
3.13 0.84 0.107 0.499 1.46 39.30 PC+PT+PL 
3.08 0.81 0.107 0.491 1.39 39.10 PT 
3.12 0.81 0.107 0.491 1.51 ·39.60 PC+PT+PL 
3.14 0.83 0.107 0.496 1.42 '35.50 ws 
i 3.14 0.81 0.108 0.496 2.96 145.90 PT 
3.10 0.86 0.109 0.498 2.99 144.90 PT 










































PC+WS 1. 22 



































Table 4. Longitudinal Flare Bevel Welds (cont.) 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Field Welded Specimens (Reference 5) 
! 
D A/B 18/7 C1! 64.70 4.50 2.95 0.051 0.236 1.14 22.30 PL+PC+PT I 24. 43 22.57 PC+WS I 1.00 
D A/B 18/7 C2! 64.70 4.50 3.10 0.051 0.236 1.03 20.20 PL+PC+PT+WS 24.43 20.39 PC+WS 1 0.99 
D A/B 18/7 C3! 64.70 4.50 2.95 0.051 0.236 1.10 21.30 PL+PC+PT+WS 24.43 21.78 PC+WS I 0.98 
D A/B 18/7 C4 i 64.70 4.50 2.94 0.051 0.236 1. 09 21. so PL+PC+PT 24.43 21.58 PC+WS 1.00 
I 
D A/B 18/7 Lll 64.70 4.50 1.13 0.051 0.235 2. 90 i 27.40 PL+PT 24.33 57.41 PT 1.12 
D A/B 18/7 12 ! 64.70 4.50 0.89 0.051 0.235 3. 02 l 26. 90 PT 24.33 59.79 PT 1.11 
' 3.06 )26.60 D A/B 18/7 13 i 64.70 4.50 0.90 0.051 0.235 PT 24.33 60.58 PT 1.10 
i I D A/B 12/7 Cl ! 51.10 4.50 2.96 0.110 0.505 1.06 i 30.10 PC+WS 41.29 35.75 PC+WS 0.87 
D A/B 12/7 C2~ 51.10 4.50 2.96 0.110 0.505 1.08 \31.00 ws 41.29 36.92 PC+WS 0.85 
D A/B 12/7 C3 . 51.10 4.50 2.97 0.110 0.505 1.06 i 31.60 WS 41.29 35.75 PC+WS 0.88 
i 
..t::'-! 
D A/B 12/7 Ll . 51.10 4.50 1. 02 0.110 0.500 3.14 i 47.30 PT 40.88 105.90 PT 1.16 ..t::'-
D A/B 12/7 12 ) 51.10 4.50 0.94 0.110 0.500 3. 09 j 46.70 PT 40.88 104.21 PT l 1.14 
D A/B 12/7 13 : 51.10 4.50 1. 00 0.110 0.500 3.04,47.20 PT 40.88 102.53 PT l 1.15 
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Arc Spot Welds. The dimensions and terms used in the arc 
spot weld tests are shown in Figure 19. Included in the Figure 
are schematic descriptions of several of the characteristic 
failure modes encountered in the tests. The designations PC 
and PT are the same as those used previously--tearing of the 
sheet along the contour of the weld with the tear spreading 
across the sheet. Also encountered were plate bearing (PB), 
shearing 'of the sheet behind the weld (PS), and combinations of 
the two in which the weld plowed toward the end of the sheet 
(see Figure 21). In addition, some welds failed in pure shear 
(WS) and others in part by peeling of the weld (W) as the sheet 
material tore and deformed out of plane. Out-of-plane deforma-
tion (PL) was frequently significant. 
Figure 20 shows four of the tested specimens in which the 
failures were identified as PC + PT +PL. Figure 21 shows one 
specimen that failed in the combined mode PS + PB and Figure 22 
a pure shear failure (WS) . 
The basic data and most significant results of the 126 arc 
spot weld tests are summarized in Table 5. Complete details 
are contained in References 4, 5, 6, and 8. 
In evaluating these tests, clarity requires that a distinc-
tion be made between those which failed in pure shear and those 
which failed in one of the other modes. In 31 shear failures, 
measurements were made of the net areas of the sheared welds, 
which contained substantial pitting and porosity. These irregu-
lar surfaces were converted to circles of the same area, and 
the equivalent net circular diameter recorded (Table 5, 
46 
Column 8) . The linear equation found to provide the best fit 
to these diameters is 
d = 0.70d- 1.5t 
en 
(6) 
where d is the visible diameter and t is the net sheet thick-
ness. This Equation is plotted in Figure 23 for illustration. 
In the Table, the results of all tests in which weld shear was 
the predicted primary cause of failure are compared with failure 




where a = 60 ksi, the nominal tensile strength of E60 filler 
uw 
metal. The ultimate load per weld is one-half of Pu. 
Based on an analysis of conditions in the cover sheets in 
the immediate region of the arc spot welds, Hr. Orner Blodgett 
of the Lincoln Electric Company proposed, in unpublished corre-
spondence, two formulas for the prediction of the strength of 
arc spot welded connections that fail by plate tearing. The 
Blodgett formulas incorporate the observation that, for cases 
in which weld shear failure did not control, failure was generally 
by transverse tearing when d/t was less than 240/~. and by 
u 
longitudinal tearing and end zone buckling where d/t was greater 
than 240/ ICJ, where a is 
u u 
the yield stress of the sheet mate-
rial in ksi. The best fit formulas were found to be, for da/t < 
p == 4.4t d a (8) u av a u 
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14 o I ia and , for d It > 2 4 o I rr;-u a vu 
p 














P = .56[1 + . 960 Jt d a u d ;a- av a u 
a u 
(9a) 
the following transition 
(9b) 
In the above equations d = J:Ju - t , where J is the average a :1v au , 
visible diameter and t is the average net thickness o[ the 
av 
single-ply or double-ply welded sheet. The limits of applica-
bility of these equations are related to the ultimate strength 
rather than the yield strength of the steel. In each case, the 
ultimate load per weld is one-half of the value given by the 
above formulas. 
The average ratio of the observed to the predicted strengths 
for the 78 tests in which Equation 8, 9 or 10 controlled the pre-
dieted failure load is 1.07. The standard deviation is 0.26. 
The average ratio of the observed to the predicted strength 
for the 45 tests in which Equation 7 governed is 1.22 and the 
corresponding standard deviation is 0.37. The conservative nature 
of Equation 7 can be justified on the basis of the variability 
of the weld quality and particularly on the amount of porosity 
encountered in practice. 
Figure 24 provides a graphical comparison of the weld 
shear and plate failure formulas with the observed results. 
It should be noted that all of the field welded arc spot 
welds reported in Reference 5 were poorly made. All specimens 
were tested and reported, however. As seen in Table 5, failures 
of all basic types occurred. 
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failure mode PS+PB 
failure mode PC+PT 
-----4 
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Fig. 19 Single Sheet Arc Spot Welds 




Fig. 21 Tested Specimen A E/B 28/7 C3 
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Table 5, Arc Spot (Puddle) Welds: Summary of Results 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Measured and Computed Properties Test Results Predicted Results 
Cover Plate Weld Cover Plate Results W~ld Failure 
Specimen 
I Designation Ave. Net 
p Failure 
s Visible Diam. of uo Mode 240 p p d p \) a e t d /t y u av av av -- u u en u 
I Diam. in Sheared 
a 10 ksi ksi in in in kips Eqn. 8 Eqn. 9a in Eqn. 7 Welds in u Eqn. 6 
---- ---~ 
Single Sheet Puddle Welds 
Shop Welded Specimens (Reference 4) 
/ A AfB 18/7 Dl 48.92 67.0 3.50 1. 40 0.049 0.79 - 13.48 PC+PL+PT 15.12 




29.32 11.06 - 0.49 16.63 
A A/B 18/7 D3 48.92 67.0 3.49 1. 60 0.049 0.81 - 13.10 PC+PL+PT 15.53 
A A/B 18/7 D4 i 48.92 67.0 3.50 1. 50 0.050 0.85 - 14.40 PC+PL+PT . 16.00 I 




A A/B 28/7 Cl 109.8 109.8 3.50 1.45 0.016 0.64 
-
2. 76 PS+PB 139 .oo 
A A/B 28/7 C2 109.8 109.8 3.48 1. 45 0.016 0.64 
-
1. 94 PS+PB 
illT A A/B 28/7 C3 109.8 109.8 3.48 1. 45 0.016 0.57 - 2.60 PS+PB 63 A A/B 28/7 C4 109.8 109.8 3.50 1. 40 0.016 0.59 - 2.54 PS+PB 88 A A/B 28/7 C5 109.8 109.8 3.47 l. 40 0.016 0.56 - 2.72 PS+PB 00 
22.90 - 3.07 0.42 12.71 
22.90 
-
3.07 0.42 12.71 
22.90 - 2.73 0.38 9.94 
22.90 
-
2.82 0.39 10.70 
22.90 
-
2.68 0.37 9.57 
Field Welded Specimens (Reference 5) 
A A/B 18/7 Dl 49.9 64.7 3.50 1. 56 0.044 0. 78 - 7. 68 PL+PS+PB 16.73 29.84 9.22 - 0.48 16.29 
A A/B 18/7 D2 49.9 64.7 3.49 1. 46 0.044 o. 74 
-
9.04 PL+PS+PB 15.82 29.84 8.72 - 0.45 14.44 
A A/B 18/7 D3 49.9 64.7 3.49 1. 50 0.044 0.73 
-
8.02 PL+PB+PT 15.59 29.84 8.59 - 0.45 14.00 
A A/B 18/7 D4 49.9 64.7 3.50 1. 46 0.044 0. 7 3 - 10.00 PL+PB+PT+WS 15.59 29.84 8.59 - 0.45 14.00 
A A/B 18/7 D5 49.9 64.7 3.49 1.44 0.044 o. 74 - 10.00 PL+PB+PT+WS 15.82 29.84 8.72 - 0.45 14.44 
A E/B 28/7 Cl 98 98 3.50 1. 33 0.018 0.43 - 1. 90 PL+PB 22.89 24.24 2.19* - 0.27 5.31 
A E/B 28/7 C2 98 98 3.52 1. 26 0.018 0.44 - 2.20 PL+PS+PB 23.44 24.24 2.18* 
-
0.28 5.58 
A E/B 28/7 C3 98 98 3.50 1. 34 0.018 0.46 - 1.40 PL+PB 24.56 24.24 - 2.18 0. 30 6.15 
.A E/B 28/7 C4 98 98 3.49 1. 38 0.018 0.52 - 3.00 PL+PS+PB 27.89 24.24 - 2.48 0.34 8.03 
A A/B 12/7 Dl 41.8 51.1 3.49 1. 54 0.108 0.79 - 13.50 ws 6. 31 33.57 19.18 - 0.53 19.56 
A A/B 12/7 D2 41.8 51.1 3.50 1. 66 0.108 0.78 - 8.84 WS 6.22 33.57 18.94 - 0.52 19.04 
A A/B 12/7 D3 41.8 51.1 3.49 1. 59 0.108 o. 78 - 8.11 ws 6.22 33.57 18.94 - 0.52 19.04 
A A/B 12/7 D4 41.8 51.1 3.49 1. 55 0.108 0.80 - 8.22 ws 6.41 33.57 19. L,3 - 0.53 20.08 
A A/B 12/7 D5 41.8 51.1 3.49 1. 54 0.108 0.82 - 11.28 ws 6.59 33.57 19.91 - 0.55 21. 15 
20.67 24.24 2.21* 
-
0.25 4.42 A E/C 28/16 Cl 98 98 3.50 1. 20 0.018 0.39 - 2.55 PL+PS+PB 
21.22 24.24 2.21* 
-
0.25 4.52 A E/C 28/16 C2 98 98 3.50 1. 40 0.018 0.40 - 1. 36 PL+PB+PT 
A E/C 28/16 C3 98 98 3.50 1. 43 0.018 0.41 - 2.00 PL+PS+PB+PF 21.78 24.24 2.21* 
-
0.26 4. 78 
21. 78 24.24 2.21* 
-
0.26 4. 78 A E/C 28/16 C4 98 98 3.50 1. 26 0.018 0.41 - 2.30 PB+PT 
23.44 ~4.24 2.18* 
-




































































1 2 3 4 
Shop Welded Specimens (Reference 6) 
A E/B 14/7 Dl 48.7 56.4 3.52 
A E/B 14/7 D2 48.7 56.5 3.51 
A E/B 14/7 D3 48.7 56.4 3.53 
A E/B 14/7 D4 48.7 56.4 3.51 
A E/B 14/7 D5 48.7 56.4 3.52 
A E/B 18/7 Dl 48.7 56.4 3.51 
A E/B 18/7 D2 48.7 56.4 3.51 
A E/B 18/7 D3 48.7 56.4 3.51 
A E/B 18/7 D4 48.7 56.4 3.51 
A E/B 18/7 D5 48.7 56.4 3.51 
A E/B 18/16 Dl 48.7 56.4 3.51 
A ~/B 18/16 D2 48.7 56.4 3.50 
A E/B 18/16 D3 .48. 7 56.4 3.49 
A E/B 18/16 D4 48.7 56.4 3.51 
A E/B 18/16 D5 48.7 56.4 3.51 














, A/B 12/7 D(B-C)l 
, A/B 12/7 D(B-C)2 
. A/B 12/7 D(B-C)3 
. A/B 12/7 D(F-C)l 
. A/B 12/7 D(F-C)2 
A/B 12/7 D(E-C)l 
A/B 12/7 D(E-C)2 
A/B 18/7 D(B-C)l 
A/B 18/7 D(B-C)2 
A/B 18/7 D(B-C)3 
A/B 18/7 D(F-C)l 
A/B 18/7 D(F-C) 2 
A/B 18/7 D(F-C)3 
A/B 18/7 D(E-C)l 
A/B 18/7 D(E-C)2 
A/B 18/7 D(E-C)3 
A/B 12/7 D(AA-C)l 
A/B 12/7 D(AA-C)2 
A/B 12/7 D(AA-C)3 
A/B 18/7 D(BB-C)l 












































1. 50 o. 0811 
1. 50 0.0814 
1. 50 0.0805 
1. 50 0.0808 
1. 50 0.0816 
1. 43 0.0535 
1. 43 0.0540 
1. 43 0.0547 
1. 43 0.0540 
1. 45 0.0541 
1. 50 0.0549 
1. 50 0.0563 
1. 50 0.0555 
1. 50 0.0538 
1. 50 0.0543 
-~ 
--
1. 20 0.101 
1. 26 0.101 
1. 20 0.102 
1. 98 0.101 
2.05 0.101 
1. 55 0.101 
1. 49 0.102 
1. 31 0.047 
1. 28 0.047 
1. 28 0.047 
2.07 0.047 
2.11 0.047 
1. 96 0.047 
1. 69 0.047 
1. 68 0.047 
1. 76 0.047 





Table 5. Arc Spot (Puddle) Welds (cent.) 
-
7 8 9 10 11 
1.00 
-
28:3 PS+PB+PL 11.33 
1.01 - 27.6 PS+PB+PL 11.41 
1. 03 - 27.75 PS+PB+PL 11.80 
1.00 
-
28.9 PS+PB+PL 11.38 
1.10 
-
27.9 PS+PB+PL 12.48 
0.87 
-
13.9 PS+PB+PL 15.26 
0.81 - 15.0 PS+PB+PL 14.00 
0.83 - 14.5 PS+PB+PL 14.17 
0.87 - 14.5 PS+PB+PL 15.11 
0.88 - 14.0 PS+PB+PL 15.27 
0. 79 - 12.86 PS+PB+PL+W 13.39 
0.80 - 10.80 PS+W+PL 13.21 
0.81 - 12.44 PS+PB+PL+W 13.59 
0.83 - 10.92 PS+PB+PL 14.43 
0.85 - 13.16 PS+W+PL 14.65 
~ ----~ 
0.90 0.53 20.60 ws 7.91 
0. 92 0.51 24.80 WS 8.11 
0.92 0.49 20.30 WS 8.02 
0. 92 0.55 24.10 WS 8.11 
0.95 0.58 24.90 ws 8.41 
0.95 0.57 24.10 W+WS 8.41 
0.98 0.58 24.10 ws 8.61 
0.80 - 11.70 PC+PL+W 16.02 
0.85 - 9.95 PC+PL+W 17.09 
0.79 
-
9.68 PC+PL+PS+W 15.81 
0.82 
-
11.10 PC+W+PS+PL 16.45 
0.84 
-
12.66 PC+W+PS+PL 16.87 
0.85 
-
11.80 PC+PL+W 17.09 
0.87 
-
9.74 PC+W+PL 17.51 
0.83 
-
11.50 PC+W+PL 16.66 
0.86 - 10.76 PC+W+PL 17.30 
1.04 0.48 24.50 ws 9.30 
0.96 0.54 22.50 WS+PS+PB 8.50 
0.90 0.44 14.00 ws 7. 91 
0.85 - 12.58 PC+PS+W 16.78 
0. 7 5 - 11.08 PC+PS+W 14.69 
12 _13 
31.96 19.10 



















32. 39 20.71 










32. 39 22.91 
32. 39 20.96 
32.39 19.49 
31.25 9.95 
31.25 8. 71 
14 15 16 
- 0.58 23.64 
- 0.58 24.18 
- 0.60 25.47 
-
0.58 23. 68~ 
-
0.65 29.64 
- 0.53 19.76 
- o. 49 16.70 
- 0.50 17.60 
- 0.53 19.71 











- 0.48 16.18 





- 0.51 18.64 





- 0.52 19.45 
-
0.48 16.46 
- 0.50 17.92 
- 0.52 18.93 





- 0.53 19.97 
- 0.58 23.49 
- 0.52 19.15 
- 0.48 16.18 















































































1 2 3 4 5 6 
A A/B 12/7 C(E-AA)l 41.05 54.90 4.00 1. 60 0.102 
A A/B 12/7 C(E-AA)2 41.05 54.90 4.00 1. 61 0.101 
A A/B 12/7 C(E-D)l 41.05 54.90 4.00 1. 54 0.101 
A A/B 12/7 C(E-D)l 41. 05 54.90 4.00 1. 68 0.101 
A A/B 12/7 C(E-D)3 41.05 54.90 4.00 1. 65 0.101 
A A/B 18/7 C(E-AA)l 47.24 59.00 4.00 l. 63 0.0473 
A A/B 18/7 C(E-AA)2 47.24 59.00 4.00 1. 64 0.0465 
A A/B 18/7 C(E-AA)3 47.24 59.00 4.00 1. 67 0.0466 
A E/B 24/7 C(E-AA)l 106.84 107.56 4.00 l. 55 0.0240 
A E/B 24/7 C(E-AA)2 106.84 107.56 4.00 1. 61 0.0240 
A E/B 24/7 C(E-AA)3 106.84 107.56 4.00 1. 57 0.0240 
A E/B 24.7 D(E-C)l 106.84 107.56 4.00 1. 57 0.0240 
A E/B 24/7 D(E-C)2 106.84 107.56 4.00 1. 55 0.0241 
A E/B 24/7 D(E-C)3 106.84 107.56 4.00 l. 56 0.0240 
A A/B 10/7 D(E-CC)l 38.6 48.8 4.00 l. 58 0.1388 
A A/B 10/7 D(E-CC)2 38.6 48.8 4.00 1. 61 0.1391 
A A/B 10/7 D(E-E)l 38.6 48.8 4.00 1. 57 0.1392 
A A/B 10/7 D(E-E)2 38.6 48.8 4.00 1. 58 0.1395 
Double Sheet Puddle Welds 
Shop Welded Specimens (Reference 4) t 
·-·;:- B A/B 18/7 Dl 48.92 67.0 3.50 1. 60 0. 09 5t 
BA/B 18/7 D2 48.92 67.0 3. 49 1. 60 0.095 
B A/B 18/7 D3 48.92 67.0 3.50 1. 50 0.095 
B A/B 18/7 D4 48.92 67.0 3.50 1. 50 0.097 
Field Welded Specimens (Reference 5) 
B A/B 18/7 DlS 49.9 64.7 3.49 l. 40 0.088 
B A/B 18/7 D2S 49.9 64.7 3.49 1. 38 0.088 
B A/B 18/7 D3S 49.9 64.7 3.49 1. 46 0.088 
B A/B 18/7 D4S 49.9 64.7 3. 49 l. 36 0.088 
B A/B 18/7 DSS 49.9 64.7 4.00 3.32 0.088 
B A/B 12/7 Dl 41.8 51. 1 3. 49 1. 41 0. 216 
B A/B 12/7 D2 41.8 51. 1 3. 49 1. 41 0.216 
B A/B 12/7 D3 41.8 51.1 3. 49 1. 34 0.216 
B E/C 28/16 Cl 98 98 3.50 1. 27 0.036 
B E/C 28/16 C2 98 98 3. 50 l. 32 0.036 
B E/C 28/16 C3 98 98 3.49 1.18 0.036 
B E/C 28/16 C4 98 98 3. 49 l. 36 0.036 
Table 5. Arc Spot (Puddle) Welds (cont.) 
7 8 9 10 11 12 13 
0.83 0.34 
-
WS 7.14 32.39 17.94 
0.85 0.40 10.70 WS 7.42 32.39 18.27 
1. 00 0. 59 28.70 WS+PC+W 8.90 32.39 21.93 
0.97 0.54 26.50 WS+PC+W+PL 8.60 32.39 21. 20 
0.99 0.62 29.10 WS+PL 8.80 32.39 21.69 
I 
0.64 I 9. 98 
-
PC+W+PS 12.53 31.25 7. 28 
0.62 
-
7.46 PC+PS+W 12.33 31.25 6.93 
0.65 
-
10.50 PC+PS+W 12.95 31.25 7.30 
0.54 
-
3.80 PS+PB 21. so 23.14 5.86 
0.56 
-
4.48 PS+PB 22.33 23.14 -
0.56 - 4.90 PS+PB 22.33 23.14 -
0.72 
-
6.00 PS+PT t-PB+W 29.00 23.14 -
0.71 
-
6.30 PS+PB+W 28.46 23.14 -
0.73 
-
6.16 PS+PB+W 29.42 23.14 -
1. 04 0.62 26.10 WS 6.49 34.36 26.86 
1. 05 0.58 20.90 ws 6.55 34.36 27.21 
1.14 0.61 34.50 ws 7.19 34.36 29.91 




1. 39' - 28.60 PC+PT+PL 13.63, 29.32 36.27 
1.15 
-
37.30 PC+PT+PL t:r:2l 29.32 35.15 
l. 37 
-
32.40 PC+PT+PL 13.42 29.32 35.71 
1.41 
-
26.30 PC+PT+W 13.54 29.32 37.55 
0. 77 - 12.7 0 WS 7.75 24.66 17.09 
0.82 
-
16.20 WS 8.32 24.66 18.34 
0.81 
-
15.40 ws 8.20 24.66 18.09 
0. 7 2 - 11.70 ws 8.18 24.66 15.83 
0.82 - 8.60 ws 8.32 24.66 18.34 
0. 77 - 10.80 ws 2.56 33.51 26.91 
0.83 - 6.00 ws 2.84 33.51 29.82 
0.84 - 5.00 WS 2.89 33.51 30.30 
0.38 - 3.78 PL+PB+PT 9.56 24.24 5.34 
0. 4 5 - 4.72 PL+PB+PP 11.50 24.24 6. 43 
0.42 - 4.16 PL+PB+PP 10.67 24.24 5.96 




































15 16 17 
0.43 12.95 ws 
0.44 13.90 ws 
0.55 21.27 ws 
0.53 19.67 ws 
0.54 20.73 ws 
0.38 10.05 PC+PT 
0.36 9.38 PC+PT 
0.39 10.48 PC+PT 
0.34 8.27 PC+PT 
0.36 8. 96 PS+PB 
0.47 8.96 PS+PB 
0.47 15.48 PS+PB 
0.46 15.01 PS+PB 
0.48 15.95 PS+PB 
0.52 19.10 ws 
0.53 19.58 ws 
0.59 24.54 ws 
0.66 30.67 ws 
- ~-- ---~ - --- -
0.83 48.75 PC+PT 
0.80 45.52 PC+PT 
0.82 47.12 PC+PT 
0.84 50.05 PC+PT 
0.41 11.71 ws 
0.44 13.81 ws 
0.44 13.38 ws 
0.37 9.78 ws 
0.44 13.81 ws 
0.22 3.27 WS 
0.26 4.67 ws 
0.26 4.93 ws 
0.21 3. 18 ws 
0.26 4.82 l ~~ o. 24 4.07 





































1 2 3 4 5 6 
Field Welded Specimens (Reference 8) 
B A/B 14/7 D(A-C)l 39.04 47.63 4.01 1. 00 0.154 
B A/B 14/7 D(A-C)2 39.04 47.63 4.01 0.96 0.155 
B A/B 14/7 D(D-C)l 39.04 47.63 4.00 1. 50 0.154 
B A/B 14/7 D(D-C)2 39.04 47.63 4.00 1. 33 0.154 
B A/B 14/7 D(F-C)l 
I 
39.04 47.63 4.00 1. 99 0.154 
B A/B 14/7 D(F-C)2 39.04 47.63 4.00 2.02 0.153 
B A/B 18/7 D(A-C)l I 47.24 59.00 4.00 1. 07 0.094 B A/B 18/7 D(A-C)2 I 47.24 59.00 4.00 1. 07 0.094 
B A/B 18/7 D(A-C)3 I 4 7. 24 59.00 4.00 1.18 0.094 
B A/B 18/7 D(D-C)l 4 7. 24 59.00 4.00 1. 57 0.093 
B A/B 18/7 D(D-C)2 47.24 59.00 4.00 1. 53 0.094 
B A/B 18/7 D(D-C)3 47.24 59.00 4.00 1. 44 0.094 
B A/B 18/7 D(F-C)1 47.24 59.00 3.99 2.05 0.093 
B A/B 18/7 D(F-C)2 47. 24 59.00 4.00 2.00 0.093 
B A/B 18/7 D(F-C)3 47.24 59.00 3.99 2.00 0.092 
B A/B 14/7 D(D-E)1 39.04 47.63 4.00 1. 46 0.153 
B A/B 14/7 D(D-E)2 39.04 47.63 4.00 1. 50 0.153 
B A/B 14/7 D(D-E)3 39.04 47.63 4.00 1. 46 0.153 
B A/B 28/7 C(C-AA)1 102.1 105.4 4.00 1. 31 0.0391 
B A/B 28/7 C(C-AA)2 102.1 105.4 4.00 1. 28 0.0392 
B A/B 28/7 C(C-AA)3 102.1 105.4 4.00 1. 31 0.0391 
B A/B 18/7 C(D-AA)l 47.24 59.00 4.00 1. 40 0.0934 
B A/B 18/7 C(D-AA)2 47.24 59.00 4.00 1. 40 0.0935 
B A/B 18/7 D(D-D)1 47.24 59.00 4.00 1. 48 0.0940 
B A/B 18/7 D(D-D)2 I 47.24 59.00 4.00 1. 43 0.0936 B A/B 18/7 D(D-D)3 47.24 59.00 4.00 1. 40 0.0934 
B A/B 14/7 D(E-D)l 39.04 47.63 4.00 1. 56 0.153 
B A/B 14/7 D(E-D)2 39.04 47.63 4.00 1. 74 0.154 
Table 5. Arc Spot (Puddle) Welds (cont.) 
7 8 9 10 11 
1. 01 0.44 17.20 WS 5.56 
1. 08 0.52 20.90 WS 5.97 
l. 04 0.44 16.10 WS 5. 75 
0.95 0.44 11.80 WS 5.17 
1. 00 0.42 14.80 WS 5.49 
0.96 0.40 16.50 WS 5.27 
0.96 0.50 22.40 WS@A PC+PL+W+PT 9.21 
1.00 
-
24.50 PC+PS+PL 9.64 
0.95 
-
21.70 PC+PL+W+PS 9.11 
1. 01 - 23.40 PC+PS+W+PL 9.86 
0.94 - 24.10 WS+PC+PL 9.00 
0.92 - 22.20 PC+PS+W 8.79 
1.04 - 24.90 PC+PS+PL 10.18 
1. 02 - 24.50 PC+PL+W+PL 9.97 
0.98 - 24.00 PC+PL+W 9.65 
1.16 0. 70 38.90 WS 6.58 
1.17 0.62 39.40 ws 6.65 
1.11 - - PS+PB+W 6.25 
0. 70 - 9.18 PS+PB+W 16.90 
0.72 
-
8.84 PS+PB+W 17.37 
0.73 - 9.54 PS+PB+W 17.67 
0.75 o. 46 18.90 ws 7.03 
0. 74 0.39 12.60 ws 6.91 
1. 20 - 28.60 PC+PS+W 11.77 
1. 20 - 30.10 PC+PS+W 11.82 
1. 20 
-
31.00 PC+PS+W 11.85 
1. 09 0.47 18.8 6.12 





































































































































Fig. 24 Arc Spot (Puddle) Welds 
P according to Equations 8, 9 or 7 up 
58 
Arc Seam Welds. The dimensions and terms used in the arc 
seam weld tests are shown in Figure 25. Included in the Figure 
is a schematic description of the combined failure mode PL + PT: 
tearing of the sheet along the contour of the weld, with the 
tear spreading across the sheet. Also encountered were shearing 
of the sheets along the sides of the weld (PS) and peeling of 
the weld (W) as the sheet material tore and deformed out of 
plane. Out-of-plane deformation (PL) was significant in several 
specimens. 
Figure 26 shows one specimen that failed in the combined 
mode PC + PT +PL. 
The basic data and the most significant results of the 
23 arc seam welds are summarized in Table 6. Complete details 
are contained in Reference 8. 
Based on an analysis of conditions in the cover plates in 
the immediate region of the arc seam welds, Mr. Orner Blodgett 
proposed, in unpublished correspondence, a formula for the pre-
diction of the strength of arc seam welds that fail by a combi-
nation of tensile tearing of the sheets along the forward edge 
of the weld contour plus shearing of the sheets along the sides 
of the welds. Linear regression analysis performed by the 
authors on the results of the tabulated tests has resulted in 
the following, modified version of the Blodgett formula: 
+ 4.8B ) avr (10) 
where Lav is the average overall length of the arc seam 
welds and Bav is the average width (see Figure 25). Ultimate 
59 
loads predicted by this formula are included in Table 6. 
The ultimate load per weld is one-half of P . 
u 
The average ratio of the observed to the predicted 
strengths for all of the arc seam weld tests is 1.01. The 
standard deviation is 0.10. 
Figure 27 provides graphical comparison of the failure 
prediction formulas with the observed results. 
60 
Connected plate 
Failure mode PC+PT L I p 
' T ~LAj/ I t:LB., I 
~ I 
-
BB 4" s I 
e ~ \ I ~ eb j_ a \ I 








Fig. 25 Single-Sheet Arc Seam Welds 
6 1 
Fig. 26 Tested Specimen A A/B 22/7 x 3 
(PC + PT + PL Failure) 
Table 6. Arc Seam Welds: Summary of Results 
1 
Z?ST?r= ~~~- L~-J ~; ~~~~-~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~c;~~~~~=-~~aq==~~~~~~~~~~~~~~~~: 
12 2 5 8 10 ) 4 6 9 7 11 
Specimen 
Designation 
T ~--~ --, 
j Me<1sured and Computed Properties 1 Test Results l Predicted Results 
/ Cover Plate Weld --p - ~~· -Fai-~:;e -- ! P I Failure 
t-- j : uo Mode I up Mode 
I o S I e t 1 L B l I : Eqn. 10 u av av 1 av av av 1 : 
ksi in , in in : in i in kips ! ; kips 
Single Sheet Oblong Puddle Welds 
A A/B 18/7 Xl 
A A/B 18/7 X2 
A A/B 18/7 X3 
A A/B 18/7 Yl 
A A/B 18/7 Y3 
A A/B 22/7 Xl 
A A/B 22/7 X2 
A A/B 22/7 X3 
A A/B 22/7 Yl 
A A/B 22/7 Y2 


























































o. sa I 
0. 63 i 
0. 52 ! 
o. 54 I 
0. 58 i 
0.47 : 
0. 47 ! 
0.42 ; 



















































' l. 05 










B A/B 18/7 Xl I 59.00 4.00 1.74 0.094 1.91 0.6511 30.20 PC+PT+PL : 30.55 -;C+P~~f 0.99 
B A/B 18/7 X2 I 59.00 4.00 1.78 0.094 1.91 0.69 31.10 PC+PT+W I 31.61 PC+PT l! 0.98 
B A/B 18/7 X3 59.00 4.00 1.78 0.094 2.01 0.64\ 31.00 PC+PS+PT l 30.97 PC+PT !1.00 
B A/B 18/7 Yl ! 59.00 4.00 1.49 0.094 1.30 0.60 I 23.90 PC+W+PT ! 24.99 PC+PT I 0.95 
B A/B 18/7 Y2 i 59.00 4.00 1.58 0.093 1.39 0.48 25.70 PC+W+PT l 24.81 PC+PT 
1
1.04 
B A/B 18/7 Y3 : 59.00 4.00 1.63 0.093 1.40 0.58 24.90 PC I 24.88 PC+PT • 1. 00 
B A/B 22/7 Xl ! 49.96 4.00 1.62 0.060 2.06 0.46 1 15.60 PC+PT+PL 1 14.34 PC+PT lL09 
B AlB 22/7 X2 I 49.96 4.00 1.61 0.060 2.07 0.47 I 15.10 PC+PT+PL 14.52 PC+PT ! 1.04 
B A/B 22/7 X3 I 49.96 4.00 1.67 0.060 2.06 0.48 II, 15.40 PC+PT+PL 14.63 PC+PT II! 1.05 
B A/B 22/7 Yl 49.96 4.00 2.06 0.060 1.42 0.50 12.10 PC+PT+W 12.52 PC+PT 0.97 
B A/B 22/7 Y2 49.96 4.00 2.04 0.060 1.24 0.49 \ 12.40 PC+PT I 11.70 PC+PT 1.06 








Fig. 27 Arc Seam Welds 
P according to Equation 10 
up 
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SAFETY FACTORS AND ALLOWABLE STRESSES 
The Cornell research program has been concerned with the 
investigation of the ultimate strength of various forms of arc 
welded connections in sheet steel. It is appropriate to include 
in this summarizing, interpretative report, some comments on 
the conversion of the strength prediction equations advanced 
here into design formulas. 
The currently prevailing American view on the selection of 
safety factors for connections is indicated in a passage from 
Reference 9: "If past practice is studied for riveted or bolted 
structural carbon steel joints, the factor of safety against 
sheet failure is found to vary from approximately 3.3 for com-
pact joints to approximately 2.0 for joints with a length in 
excess of 50 inches. . Experience has shown that this factor 
of safety has provided a safe design condition. This indicates 
that a minimum factor of safety of 2.0 has been satisfactory; 
the same margin is also used for fasteners in tension." Simi-
larly, in the American Institute of Steel Construction Specifi-
cation, the basic allowable tensile stress is 0.60 F , but not y 
more than one-half of the maximum tensile stress of the steel. 
American practice in the design of statically loaded welded 
connections implies a basic nominal factor of safety of 2.5 
with respect to failure. Thus, if, as in Equations 3b and 7 
it is assumed that the ultimate strength in pure shear is 75% 
of the ultimate tensile strength, it follows that the allowable 
shear stress obtained using a safety factor of 2.5 is 0.30 0 
u 
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or 0.30 a 
uw 
The latter is the value prescribed for weld shear 
in buildings in Reference 2. If one considers the uncertainties 
which are inevitable in the strength of connections, a nominal 
safety factor of 2.5 is consonant with the intention of having 
a minimum margin of safety of approximately two. The authors 
believe that this is a reasonable minimum margin of safety for 
conventional applications of sheet steel in buildings. It 
follows that they believe that working stress formulas obtained 
by applying a factor of safety of 2.5 to the ultimate resistance 
formulas proposed above will be reasonable design formulas. 
In converting the strength prediction formulas given above 
into design formulas, it should be remembered that the above 
formulas are for the strength of the entire connection, that is, 
for more than one weld or sheet. These formulas have to be 
divided by the number of elements that contributed to the 
strength to convert them to formulas for one element (weld or 
sheet) . 
WELDING PROCEDURES 
Although this is primarily a report on the results of 
experimental research on the strength of welded connections, it 
is appropriate to include brief summaries of some of the prac-
tical requirements for obtaining sound welds in sheet steel. 
Detailed criteria for proper workmanship, technique, qualifica-
tion, and inspection are contained in Reference 2. Unless 
these criteria are satisfied, welds of the quality presumed in 
the above prediction equations may not be obtained. 
Details, Workmansht£, Technique. It is intended that arc 
spot welds have a fused nugget of at least 1/2 inch diameter 
into the supporting structural piece. The capability for making 
such welds is assessed during qualification tests. Generally, 
a flat or horizontal weld position is preferred. It is also 
necessary that parts to be joined be brought into close contact 
to facilitate complete fusion. 
Effective control of current is absolutely essential for 
obtaining consistently sound welds. The current required for 
arc spot or arc seam welding is considerably higher than for 
most conventional welds. In preparing specimens for the Cornell 
tests, E6010 electrodes were used, as noted earlier. In one 
weld qualification test using 5/32 inch electrodes to make 
1 inch (visible diameter) arc spot welds in 0.108 inch gavanized 
sheet, the current was 275 amps and the welding time approxi-
mately 6 seconds. The burn-off rate (called the melting rate 
by the AWS) of the electrode was about 22 inches/min. Using 
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1/8 inch electrodes to make 3/4 inch arc spot welds in 0.052 inch 
galvanized sheet, 210 amps and 10 seconds were required. The 
burn-off rate was 18 inches/min. 
There is a considerable body of opinion among welding 
experts that the best practical way to maintain uniformity in 
sheet steel welding is through regulation of the electrode 
burn-off rate. 
In making arc spot welds in sheet of 24 gage (0.028 in.) 
and lighter, weld washers may be required. These are small tabs 
of 16 gage (0.064 in.) or similar material with punched holes 
somewhat smaller in diameter than the visible weld diameter 
(see Figure 28). They permit the weld to be made without burning 
the thin sheet. 
Because of the relatively high currents used in arc spot 
and arc seam welding, the coating on some electrodes may break 
down and produce shallower penetration than that required. 
This may necessitate limiting the number of welds which may be 
made in rapid succession with one electrode. 
Qualification, Inspection. Both the procedure and the 
welder must be carefully qualified following rules prescribed 
in an appropriate specification such as Reference 2. Such rules 





Fig. 28 Weld Washer 
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CONCLUSIONS 
The results of an extensive test program have been evalu-
ated and strength prediction equations have been derived. The 
strength prediction equations can be converted into design 
equations through the use of appropriate safety factors as 
discussed 1n this report. 
Except for the case of the arc spot welds, the correlation 
between the test results and the computed results is quite 
satisfactory. In the case of the arc spot welds the variability 
of the quality of welds has led to a rather large scatter in 
the test results. 
The application of the proposed equations presupposes 
welds made according to the quality standards of the Welding 
Sheet Steel in Structures, AWS Dl.3-78 (Reference 2). 
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NOTATION 
Bav = Average width of arc seam welds, in. 
d,dau = Visible diameter of an arc spot weld, 1n. 
= d - t 
au av 
= Defined by Equation 6 on page 46 
eav = Average edge distance, in. (Fig. 19 p.48) 
Lp = Length of cover plate, in. 
Lw = Length of a specific weld, 1n. 
Lwa = Length of weld a, 1n. 
L 
wav = Average length of the welds of the specimen, 1n. 
Lwb Length of weld b, in. 
Pu = Ultimate strength of the connection, k. 
Puo = Observed ultimate strength of the connection, k. 
P = Predicted ultimate strength of the connection k. up 
S = Cover plate width, in. 
Sav = Average cover plate width, 1n. 
t = Thickness, 1n. 
t = Average cover plate thickness, in. 
av 
au = Ultimate stress of the cover plate material, ksi. 
a =Nominal tensile strength of E60 filler material, ksi. 
uw 
a = Yield stress of the cover plate material, ksi. y 
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FAILURE NOTATION 
(Refer to Fig. 2 and figures given to each weld type) 
PB- Plate bearing (arc spot welds). 
PC - Plate tearing around but removed from the weld. 
PL - Out-of-plate distortion. 
PS - Shearing of the plate behind the weld (Arc spot welds). 
PT - Transverse tearing of the cover plate. 
W - Weld failure resulting from a peeling action due to out 
of plane distortion of the cover plates. 
WS - Weld shear failure. 
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